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PROBLEM TO BE SOLVED: To provide soft-nitrided parts excellent in tensile strength, 
fatigue strength and bendability even if treatment is omitted, and a method for produc Ing 
the same, a steel for soft-nitriding as a base metal therefor. 

SOLUTION: The soft-nitrided steel is the one having a compsn. contg. 0.20 to 0.60% C, 
0.05 to 1 .0% Si, 0.3 to 1 .0% Mn, <0.05% P. 0.005 to 0.10% S, <0.3% Or, <0.08% AI, 
<0.03% Ti, 0.008 to 0.020% N, <0.005% Ca, <0-30% Pb, <0.30% Cu, <0.30% Ni, 
<0.30% MO, <0.20% V, <0.05% Nb, >1 50 f nl, and the balance Fe with inevitable 
impurities and having a structure of ferrite- pearlite In which the fractional rate of ferrite is 
regulated to >10%. It Is more preferable in the case of fn2>1 5. An for the soft-nitrided 
parts, the above steel is used as a base metal, and nitriding layer is formed on the surface 
layer part. Soft-nitriding treatment may be executed without applying any of normalizing 
and tempering, where fnl=221C(%)+99.5Mn(%)+52.5Cr(%)-340Ti(%)+577N (%)+25 and 
fn2=192C(%)-32.8Mn(%)-25.1Cr(%)+467Ti(%)+726N(%)+122. 
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(54) [5«9^o;>«ll:] tK^^jim. i)(^^^£Rr^<9Sl3i^i^ 



(57) imm 

m^^m a> C : 0.20M).60%, si : 0.05—1.0 %. 
Mn : 0.3 —1.0 %. P ^0.05%. S : 0.005 M).10%, 
CrSO.3 %, TiSO.03%. N : 0.008 —0. 

020 %. Ca^O.005 %. PbSO.30%, Cu^O.30%, NiS 
0.30%. MoSO.30%, V go. 20%, NbgO.05%, fnl § 
150 . ^{iFet^^Itt'. mmii^ysLy-f h ■ 

\'K fit, fnl=221C(%)+99.5Mn(%)+52.5Cr(%)-304Ti(%) 
+577N (%) +25 , f n2=-192C(%) -32 . 8Mn (S) -25 . ICr (%) +467T 
i{%)+726N(%)+122. 
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1 1 C: 0. 2 0-0. 6 0%. S 

i : 0. 0 5~1 . 0%. Mn : 0. 3—1 . 0%. 
P : 0 . 0 5%y.T, S : 0. 0 0 5—0- 1 0%, C 
r : 0. 3%VXY. Al : 0. OS%mT. Ti : 0. 
0 3,%y.T. N : 0 . 0 0 S— 0 . 0 2 0%\ C a : 

0. 0 0 5%mT, Pb : 0. 3 0%UT, Cu : 0. 
3 0?'oOT. Ni : 0. 3 0,WT, Mo : 0. 3 0?6' 

1. y.T. V: 0. 2 0%&.T. Nb : 0. 0 5?4aT. K 
o f n 1 S 1 5 0 ^iSfc L . ^{i: F e Rtf^MT^-^ 

t ^nmtT^m.mimmtt. mt. f n i = 2 2 1 c 

(%) + 99. 5Mn (%) +5 2. 5Cr (%) -3 

0 4Ti (%) +57 7N (%) +2 5. 
[fS*«2] mm%X\ C : 0. 2 0-0. 6 0%, s 

1 : 0. 0 5 — 1 . 0%, Mn : 0. 3 — 1 . 0%, 

P : 0. 0 5%t:i.T, S : 0. 0 0 5 — 0. 1 0%, C 
r : 0. 3%^. A 1 : 0. OS%y.T, Ti : 0. 
0 3%UJ.T, N : 0 . 0 0 8-0 . 0 2 0%, C a : 
0. 0 0 5%mT, Pb : 0. 3 0%JiJ.T. Cu : 0. 
3 0%y.T. Ni : 0. 3 0%y.T, Mo : 0. 3 0% 
V : 0 . 2 0%OT, Nb : 0 . 0 5%y.T. K 
Of n 1^1 5 02Stl^f n2gl 5§r)1lf^t, SISPtiF 

o%&.i.x'h^zti'mmt^hmMimmPi. fit. 

fnl = 221C(%)+99. 5Mn(%)+52. 
5Cr (%) -304Ti (%) +577N (%) +2 
5. f n 2 = - 1 9 2C (%) -3 2. 8Mn (%) - 
25. lCr(%)+467Ti(%)+726N 
(%) +122. 

[000 11 

^-r^txsftgBiPo. ^d:i)^x'h^mM, mmmmu^mm. 

[0002] 
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X L /::f*, ( a ) wm.^m UMAix ■ mm um ) 
w^mLx^m<7mf^^%h:H&. ( b ) ±M<^^m 
wH%mk>,z-m.^zmM\t^m lx maoss s ^ 

yyiy^yh izwizm v sr i. t^vI*^ tsi $ 

I., ( b ) com^ui. mm^mmmzmm'^wmizj: 
[ooo3^Wim\L9yy7i^^yy^Wsf>h'thmM. 

ftiiatcS^LT. jfi^. rJXhSiM^:^-A6{c||IIK;?aii-^ 

[00041 L*>L. ii^<7) J I smwmmmmmim: 

ftltttcT) (ST i: I ^ d Po1S*^±-r COT' . ^imm.\\L J ■^J* 
[00051 

(jsm) i^^^ttijizmmmzmxtzm. 
mit^sh. Mm'^izii 5 0 0 MP a&±<^^\^mt'\^ 
m^mmmmmw^izx 3 s o m p a jjiicojgi^s^ 

•y 9%^m^y^ V a-^'Ai6 mmJ.:Jl±c7)ft{f #1±ar^f 

^j:ii<mM^9y>9i^^yhm;^^<Dmm5&. m/ . 
{z^(^mmht£h^\mmM^^-ti>^h\,zhh. ( 

[00061 

[PSSrjS^f "S.^v:*^iOW5] ^S&BB^'^Ji, IWm 

[ 0 .0 0 7 1 ^t^mmmfmmi. mMiVMS'a<on: 

[00081 ®!^^i0'fL^ffifi£*:%-ri.iiO7 X h 
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(3) 

[0009] ®%%'m>{c^im.^^irhm<^:>y x,vAV 

[0010] f n 1 = 2 2 1 C (?o ) + 9 9 . 5 M n 
{%) +52. 5Cr {%) -304Ti {%) +57 
7 N ( % ) +25. 

[0011] ®w^Kjitiu«Eft{f^^is^T-\ maios s 

OMP aJiJ.±CO.S$^?SS^^i./::«6t{i. f n l S l 5 

oi;-r-i)ie:>g*'^>'i.. 

[00 12] ®m'M.cr)it^^^i^'thm<r>y 3uy^y 

■ n-y-i \-wmzii\'\7s,y s.yA b^j-^A^'l 0%\:)±. 
com-^. TiBf n 2{±tt^f^#1^ (m<7JSIJSf?«T-ji^<-l># 

[0013] fn2=-192C (%)-32. SMn 
(%) - 2 5. 1 C r (%) +4 6 7T i (%) + 7 2 
6N (%) +12 2. 

[0014]®fn2Si 5<r)m^iZi±mif^liW!f> 

[0015] ±tmmzm'^<^-mmii. rmu) t 
( 2 ) iof^aftffliiw, &i/ (3) <7)mmitmsh. m/ 

[0016] ( 1 ) mM.%X'. C : 0 . 20 — 0. 60 
S i : 0. 0 S'-l . 0%. Mn : 0. 3~1 . 0 
%, P : 0 . 0 5%1.::JIT. S : 0 . 0 0 5—0 . 1 0 
C 1- : 0. 3%tlT. A 1 : 0 . 0 8%OT. T 
i : 0. 0 3%i-:i.T. N : 0. 0 0 8 — 0. 0 2 0%, 
C a : 0 . 0 0 5%tilT, P b : 0 . 3 O.^l^T. C 
u : 0. 3 0%1J/.T, Ni : 0. SOXVXf. Mo : 

0 . 3 0%UJ.T, V : 0 . 2 0%J;JIT. N b : 0 . 0 5 
%Vjrf. mUL fz f n 1 S 1 5 i^tiF e 

A \-mff^—y^ vfi^h^ji'o ^<^^ x.y ^ y%mfi\ o 

[00 17] (2) fi4%T\ C : 0. 2 0 — 0. 6 0 
%, S i : 0. 0 5—1. 0%, Mn : 0. 3— 1 . 0 

P : 0. 05%JilT. S : 0. 00 5—0. 1 0 
%, Cr : 0. 3%mT. A 1 : 0. 0 8%KJIT. T 

1 : 0. 0 3%131T, N : 0. 0 0 8 — 0. 0 2 0%, 
C a : 0 . 0 0 5%JiilT, P b : 0 . 3 0%iaT, C 
u : 0. 3 0%e]lT, Ni : 0. 3 0%OT. Mo : 

0 . 3 0%t).T. V : 0 . 2 0%mT, N b : 0 . 0 5 
XMXY. fi-OHUie L^.: f n 1 ^ 1 5 0 f n 2 S 1 5 

[0018] (3)±IS(l)i:<2) <?)l^-fiX*H2i5 
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a 

ng<. 

[00193 (4)±fe(l)i:(2) <nv^-fixii-\Z^ 

[00201 tJiTtwij^-'-c , ±ie ( 1 ) - ( 4 ) {Class 

cr>hcr>^^ix^'ix (1 ) — (4 ) <rmmt^-^'j. 
[002 1] 

mmcr>mmcomm] i:mz. ^?m(^)^mmz-:>\<^x 

mLKmrn-r^. =5:^3, ^.«^*Sco r%j {± ras 

%j iMM-r^. 
[0022] ( A ) ft^ajjSc 

c : cu. mm& msi) t^ma^osooMPai-iLho 

\tO. 2 0 3W±cr)^^m.t>^'SL-^X'hh. L*-L, 0. 
6 0%*gi-(:-i-*$-ti:l>i:, IS14h^^3^.S*'fiTL. 

f*cOStc J: 2, ft "9 •i:m'S.t^mzp]ixi^-ri,^ifih 
Vtzifi-iX. Cco^^m^O. 2 0—0. 6 0%i: 

Lfc. ^fc, c^^r»^':»itS Lv»|gH{±, 0.3 0- 
0. 3 0%X'hh, 

[ 0 0 2 3 1 S i : S i {4, m<r>mk{Z-^t£7^Xh 

£o#*»*> 0.05 ?4^.mx'i,tmM^mz^ lvk — 
1. o%^mx.xmt\ir^hbm^'^<^'^^^i^fz 

/^-r. L/i*^'oT, Si^^arO. 0 5-1. 0%t 
Ltz.tcH. Si-^^rStiO. 05-0. 3%h-r^^ 

[ 0 0 2 4 ] M n : M n{4, fiic7)ffiiB?twW^^7C^t'S> 

0, m.Kix'&im^i> ^tizi:,^wj:7tmxhi> . n 

-I). L*^t, ^io-ir^r**^o. 3%*}iT<i±ie(7)f^ffl 
36«Wf#T'i:^l^, — :^r, 1. o%s-ilixT-t-*-r^i:, 

n^WiSrO. 3 — 1. 0%i:L/i«^fc\ MnOiFi 
LV-^-^^raJiO. 3-0. 6%X'$3^. 
[ 0 0 2 5 ] P : PtS, (^lE^t 
tt) ^f&T^-lt-C d . ^^(C, ^<7)-gr*iA^'0 . 0 5 

tfcd^oT, P<^)-^«S:0. 0 5%OTi:L.^v:. 

[ 0 0 2 6 ] S : SJi:, «fiU1iS:f6]±$-fr'&#S$:W^ 
L3{)»L, -eiO-^WMJl^O. 0 0 5%*j||t-{4asJlJ^ 

mt^Lv^ 0. io%^mtx-^^^-^ht. 
mm^mb mfm^<7>mv^^i&T^tfzi-o Ltzifi'> 

t, S^^A^O. 0 0 5—0. 1 0%i: U/i. ^i3. 
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0. 1 0%ti-h:itt>mtU\ 

[0027] C r : C r(i)3sJpL^<-<: t>SV >. 

;i<r>W^i:m^l,Z%i,l>Zii. C rliO. 0 3% 
0. SXimtX^^^'^^t. fttf!|t1tOl=Lt>(ST 

C 0 0 2 8 ] A 1 : A 1 1±. mfim^&T^itX I t 

<7>mTi!}^L< tah . Vtzt^-^X. A 1 -^^SfiS: 0 . 0 
S%y.ThL/::, ^fc. A 1 #W»^0±RB{iO. 0 5% 

[00 291 Ti : Ti{i:^.SDt'Jt<Tt^V\ ^Jirr 

ixtf , ^B^ae^mwft-r h t i> (■- , «xsfb?f es: 

^'^h^mt'^hh. :iixh(r)^^.i:mm^z'i%Uzi,i.. T 
i{±0. 0 0 3%yJbiO^W»^-ri.^t//SfiLi'>. 
Lij^L. 0. 0 3%s-iti;lT-&W$-e:-&tffl{f#14<7HK 
LT , tXafE9aaf^<7)g{- J; I, ft 0 ar^IE-ri. 

SSrO. 0 3%aTi:Lit, 

[ 0 0 3 0 1 N : N(i, m.im^^i^^^^^'^um^ 

0 0 s%^.^xii±Mcr){mt^%wzi±wmxtt£\-^. 

-^r. 0. 0 2 0%*:Si.T-^^$-ti:Ti.-?-i7)S6:*{iM 

*-»^0. 0 0 8-0. 0 2 0%tL>^^, 
[ 0 0 3 1 ] C a : C a(i-^jDL=5r< T ^^.Jp-T 

ixu. 'mm^mib^^m^^-th. z(7)^^.immi,z 

n^lzti. Cat±0. 0 00 5%WUb<?5#W*i:-r^C 
ti}mtL\>\ L*»L, ^<7)-^***^'0. OO5%2:0 

tzij^-oX. Ca#-WiS:0. 0 0 5%iy.Ti: t/i, 
[00 3 2] Pb : Pb(ig?.jDL^<Ti,St\ mt^yf 

tai. mm^mibh^m^^^h. :L<7im.^m.mi.z 

PbtiO. 0 5%yji<7)^W»i:^i.c: t^^' 

T, Pb-i-WM*rO. 3 0%\:XTtLfz. 
[00 3 3] Cu : Cu(ig5jDL^<T gsja-f 

<riWk^mm!i,z%hliZl,i. Cn\,iO. 0 1%yjL^#W 

0. 0 5%J2JLh-C'S>^. L*^t. ^O-i-«*^'0. 3 0 

T, CuO^Wa^O. 3 0%OT^:L3t, 
[ 0 0 3 4 ] N i : N i tijSJD t^< T t^^^. ?3?.JD-t 



(4) !|f|g^9-3 24 24 1. 

#-|.iC:{4. N i {40 . 0 1 %tiJb«0-^*fl;i: >! >: 

L\K i. ^iS^t Lv^N i iO-^Wft«i. 0 . 0 5%Ja 
±.X'hi>, L*-L.. NiSrO. 3 0%s:ia;LT-^W$ii: 

o-^^M^O. 3 0%OTi:L/::. 
[0035] Mo : M o{i:*^.SnL^<-<:i>fiv», mxit 
ixif. m.h.'&L^-mif^^bhi:.\.zW&.t:\p\±.^^him 

ifhh. zixh(7y^^.imm^znuzii. Motio. o 

Mo<7)-#*4{4. 0. 0 3%t:UiT'J)^o LA^t. 0. 

3o%imx.X'k^^'^xh^<D^mimiL, 

0. 3 0%i:J,T>:L^.:. 

[ 0 0 3 6 ] V : V{4g?jDL^< T 1)^^^. WMtix 

\i. vmm.^^^^mLxmm:{\Lm^i\^±.^'^xmm 
^f^i:-m^um^^-th. z.a)mk^mmz%h{:z ( 
ti , V (i 0 . 0 1 ?^ Ja±<7)*WM t-th:^y. tim t L 
V>, l-^^l , ^O-&Wa*^'0. 2 0%SrS;i^i:, ffltf 
#i4O^MI:2r}SV^T«cM'fb?aaif*c0S{c i 2, ft 9 StSIjE 

i^o. 2 o%mT>: L/t<. m)bxmixtzmfm 
ii^m&^^^tzMz , v^:fi-a(4 0.10 %iiJiTi: -r^ 

[0037] Nb : N b{4asJPL^'< t tft^^o 'SM-t 
mt\ N b N ^:±^LXWMim^'^{^±^-^i>imi 

z<D^^^mmiznhi>zii. Nbjso. 003 

%iiLt<7)^^m.fth:ibifintL^\ L*»L, 0. 0 

5%^mtx-t^^-^^tmf^\i<r)i&T^ ^fz Lx . 
mmwmik<7^mz^hmK> ^mjE-ti.w.izmx^^'t 

i>^:fy^hh. Ltzif-oX, ^h<r>^H^O. 05% 

i^xTtLfz. misbxmixtzmf^^mm-hi- 

[0038] f n 1 : i@<7)-ft^ffl^**, ±fB L^Cti-l^ 
N b tX'Cr>^^M<7}^MiZ$}^ 7 X 7 h • r<— h 

mmzfi\,^xii. mm^mmmLfzf n 1 xmmx^ 

-etT. f n 10ffi*n 5 0W±-Cj>^ii-^t3. EJr 
MfO 3 8 0 M P a \:j±cr>±^ =5:il3^3t ^>ixS . L 
tzif-^X. f nl^lSQbtfz. tcio. f n 1 iOjl** 

r . f n 1 Offi(4 2 5 0 1.:J.T ^ -t C: i: * L V ^, 
[0039] f n 2 : ^CO-fc^ffl)***, ±IH L^^C*»<i 
N b t T-CO^*ii7)^BItC.t) 7 X 7 ^ b • ^ h 
ffl^tCjpV >T(4. ffltflfWimie L fz f n 2 T'SiST-^ 
I., -etr. f n2i7)ii*n 5J^Ui-C-$)'&*i-^t::> 

WiTrXVn~9) inhZht^X'^i>. Lfzifi-oX . f 
n 2 ^ 1 5 >: f n 2 i7)il;:,i7 0 *rie;i-i. i: 
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7x7^ hif^*' 1 0 %l:).±i')i%^l'Z<^)^ , f n 2 tift 
[0040] ( B ) fflSi 

h^-^fU'ry^^ hffim&^i't. mifmEimv<ig: 

[004 1] miii<r)mm^titty Jiy^ h. y<-9-^ 

f-iy^-oX. yx^y^V. r^-y^vm.mzm'fhys.y 
■i h^^^l 0%iyjzi: L^c. t£ii,. y^-y^Y. 
yA hfflli(-c*3tt2>7x7-f h:^^^*^'7 0%5rSi.4 

7 0 %OT t -ri. ^ i: A^'^f ^ 1 1 ■> , 
[ 0 0 4 2 ] ^*3. fll£<7) ( A ) (C^L^-ft^fflB!c«r^r 

hy :s.y-iV ■ ^^-y^Vmb^iZ•th^t-b-X'^h. c 
::-C ""Si^j Ut. J I S<7) r^^^j , r^j^j , r,7|< 

<^:^ffiT', 1200—130 O'CiOiaKKfflt-Jn^^x 

'Srfc. ^i}ia:f*t::'i:^lwJCtTflrS"J'5ri:'<7)aiiinX?r 

[0043] W±(=^/^fcSji:&-StJ: . (1 ) S 
LN' (2 ) tfD^Bfllc^l. r|icM{tffli!ftj -hmhti-h, CI 
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[0044] (c)®:Sfb?affl 

^(7^m.mimm(^i3mmhm^^ix^i>(^x'ii^< . 
m^coumx-'n ^ i>£0: ^ ^ , 

[0045] ±mcr,pfrmwmizmi.hnrcms, iw^it 

Zt^xKW^Sit^mir^'jfzi'TX' ( (4) <7)^m) . ft 

[0046] 'Sr*3. tKMft;5«!!af^^0*ra^^ 
0 . 0 2 5 rnm£7)fitaT'(7)H v^KSrV o ) 

mzf^mL^<XB:\^. L*^L. S{f#1tO^*^^>^ffi 
mmiiH V T'6 0 0— 9 0 0 . .il5^3£S5i»i^A*^^* 
$il?M(bl^${40 . 1 niml:j±t^h.lti)mt LK\ 
fc. J;0W*LV>ift-S!3mil$J4O. 3mmliJ.±-<:'S) 

[0047] ( 3 ) co^B3i:^;i:)'l.tXgfl:SCD°D{4, tXM 
[0048] 

immm} mi. liZTn-tit^mfS.^^-t^m^. m-m 

crtyrmzX 5 0 k sMMfmrnLfz. m l iztslf^ 

m i-^i&iif&^n^^^^nxMM't^mmizh^mxh 
wnxmi^^^mm^^^i'hntzmx'h h , 

[0049] 

[^1 ] 
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0. 05 
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